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ETAILED knowledge of the three-dimensional architecture of the cerebral microcirculation is essential for a full understanding of regional cerebral blood flow (CBF). Even though this subject has interested investigators for centuries, as late as 1921 Craigi e~2 lamented that few authors had analyzed the complexities of the intraparenchymal microcirculation. Rosenblum 48 in 1980 , Duvernoy 14 and Lametschwandtner and Lametschwandtner-Albrecht 3~ in 1983, and Wiedeman 55 in 1984 have all commented on the current incomplete knowledge of the anatomy of cerebral vessels and the scarcity of studies in the field.
The means of investigation available were until recently restricted to two-dimensional techniques, and, even when supplemented by stereographic reconstructions, three-dimensional information was limited to very narrow regions. As a result, descriptions of the arteriovenous paths in the parenchyma of injected brain have been based on inference or on chance findings of connections in the shallow depth of cleared histological sections. It is only by using methods of study that preserve three-dimensional relationships that the whole microcirculatory structure can be properly defined. Corrosion-casting techniques have been extensively employed in the past five centuries to provide threedimensional architecture of practically all hollow organs. 25 '53 The magnification and excellent depth of focus afforded by scanning electron microscopy (SEM) were first applied to the study of intravascular corrosion casts in 1970 by Nowell, et al., 4~ and in 1971 by Murakami. 38 Our aim has been to produce corrosion casts of the cerebral microcirculation which are not only sufficiently complete to display the most delicate ramifications but also rigid enough to be self-supporting and able to withstand the higher accelerating voltages brought to bear during SEM observation. To this end, we have used a corrosion-casting compound described by Nopanitaya, et al., 4~ that has the considerable advantages of ease of preparation, low viscosity, and negligible shrinkage during polymerization.
Materials and Methods
Seventy ZBZ-Cara rats (a University Hospital of Zurich breed of white rats), weighing an average of 250 gm, were anesthetized with intramuscular Hypnorm (a combination of fluanisone and phentanylcitrate, 0.1 to 0.2 ml/100 gm). The rats were restrained in a supine position on a standard rat operating board. A transverse cervical incision at the level of the clavicle was extended to the sternocleidomastoid muscle bilaterally. Using microsurgical technique, we dissected free a large segment of the common carotid artery (CCA) bilaterally without injury to the accompanying vessels and nerves. The external jugular vein was also exposed bilaterally. Threads were placed around each vessel in preparation for the ensuing stages. A proximal ligature was placed around the left CCA with distal application of a temporary clip followed by incision and cannulation with a No. 19 intravenous catheter secured by a ligature. The catheter was prefilled and connected to a 250-ml bottle of wash-out solution (see below) which was allowed to flow on release of the vascular clip. Next, the right CCA was cannulated with a catheter in parallel to the contralateral catheter and connected to the same bottle by means of a three-way junction.
After completion of the cannulation procedure, both external jugular veins were divided. The height of the bottle of wash-out solution was adjusted to about 1 m above the heart. The rat's cephalic vasculature was then flushed with approximately 100 ml of the wash-out solution, composed of 3% dextran 70,000; 0.9% NaCI; 1.10 -7 gm/ml papaverine HCI; and 10 IU/ml heparin. 17 The solution was prepared by the central pharmacy of the University Hospital of Zurich and was filtered to eliminate all particles exceeding 0.2 t~m. The solution was also warmed to 38~ immediately before use. The infusion of dextran solution was followed by infusion of a small quantity (30 ml) of normal saline. Effluent was normally clear at the end of perfusion with only minimal streaks of blood. During the wash-out stage, the corrosion-casting compound (slightly modified from the description of Nopanitaya, et a/. 4~ was prepared in two different mixtures. The first contained 4.17 ml Batson's No. 17 component (monomer), 1 ml of catalyst, 0.08 ml of promoter, 4 ml Sevriton,* and a small quantity of Sudan Black;t the second mixture contained 4.17 ml Batson's No. 17 component (monomer), 1.5 ml of catalyst, 0.08 ml of promoter, 1 ml of Sevriton, and a small quantity of red-colored paste provided with the Batson's No. 17 kit.~ The monomer and Sevriton were mixed with the pigments beforehand and the catalyst and promoter were added to each mixture and stirred for 60 seconds before injection. The second compound was mixed and injected just prior to completion of the injection of the first compound mixture. Each compound was injected by hand with a pulsating technique using a 10-ml syringe. The total quantities injected averaged 6 ml for the first compound and 2 ml for the second. The rationale for using the two compounds of different viscosity and the pulsating manual injection 4'26 was entirely empirical, as preliminary trials with the above procedure produced the best results. In each of two rats considered in this report, the brain was removed after standing for 2 hours at room temperature and then placed in 4% formalin. After 1 month, Brain A was cut along two coronal planes ( Fig.  1 upper left) through the rostral and through the caudal portions of the lateral ventricles. The resulting blocks were then placed in a KOH 40% solution to corrode the brain tissue. Brain B was left in formalin for 10 months and then placed in the KOH 40% solution. The corrosion solution was frequently exchanged with distilled water. Each specimen was suspended in a bottle containing the above fluids and a magnetic stirring bar, with a safe distance left between movement of the bar and the lowest portion of the cast. The bottle was then placed on a magnetic stirrer (operated at low speeds so as to avoid whirls) to ensure a continuous delicate stream of fluid and to tease away the corroded tissue ( Fig. 1 upper right) . 37 Once complete corrosion of all organic matter was obtained (3 months for Brain A and 1 month for Brain B), the casts were washed in numerous successive distilled water baths and then dried in an oven at 60~ Following gold-palladium sputtercoating, the casts were observed in a JEOL-25 scanning electron microscopew operated at an accelerating voltage of 25 kV.
Results

Quality of Specimens
Gross visual examination and observation under the operating microscope of the pial vascular replica revealed the degree of filling of the arterial and venous segments. Interruptions in the arterial replicas were due to air embolism. Frequent defects and interruptions in the casts were limited to the largest venous vessels and are attributable to the mixing of the casting medium that takes place after it crosses the capillary segment of the circulation in the presence of the wash-out solution. These defects, however, far from hindering understanding of the microcirculatory segment, have on occasion been advantageous, allowing better inspection of the underlying fields through the gaps in the large venous collecting vessels.
To be considered for inclusion in this study, the specimens had to be free of defects in the visible course of the major pial arteries. They also had to exhibit generalized filling (albeit with the interruptions described above) of the veins, as far as could be judged by external surface examination of the corroded brain. These stringent preliminary requirements were adopted to ensure that a search for the terminal segment of the circulation (which is very time-consuming in the bestpreserved specimens) would not be frustrated by SEM examination of inaccurate casts. However, it was not inaccuracy of the casts but inadequate digestion of tissues that proved to be the most frequent cause for w JEOL-25 scanning electron microscope manufactured by Japan Electronics Optic Laboratory, Tokyo, Japan. exclusion of specimens prepared for the study. Interpretation of surface features on the luminal casts of the cerebral vessels does not entail such stringent preliminary requirements and will be the object of a further report. Analysis of vessel diameter modification and conclusions drawn regarding vessel-wall reactivity as gathered from studying microcorrosion casts represent the subject of another report. 36
Leptomeningeal Vessels
The known distribution of the superficial vessels was demonstrated, together with the divisions of the anterior, middle, and posterior cerebral arteries and their mostly dichotomous branches, and the rich intra-arterial anastomosing patterns between the branches of each of the major arteries and their terminal junctions in the border zones (interarterial anastomoses). I I The even more extensively anastomosing pattern of veins was also evident (despite the varying degree of artifactual damage described above that was mainly limited to the large parasagittal bridging veins).
Intracortical Microvascular Bed
The findings described are based on examination of 33 sites in the two rat brains considered. The selection of the sites was dictated predominantly by ease of access for observation of intracerebral branches of the leptomeningeal vessels. The denomination of the cerebral vessels (such as capillary, pre-capillary, arteriolar, and venular) is based entirely on relative size and morphological appearance as described in the text and does not imply definition of limits between microcirculation and macrocirculation. 32 Arteries and arterioles were distinguished from veins and venules by the morphology and orientation of the nuclear impressions in the casting medium. 34'37 A site was usually found by following an arteriole until a suitable (visible) branch gave rise to a capillary field. 35 Since we had to restrict observation to the capillary segment accessible to SEM inspection from the surface of the specimen, only the microvasculature of the superficial cortex (to a depth of 300 to 400 um) could be
FIG. 2. A:
The origin of an arteriole of the rat cortex is shown (arrow). Bar ---100 tzm. The area within the box is shown enlarged in B. B: A "stirrup'-fashioned pre-capillary vessel is seen to originate from the perforating arteriole and to give off on each side three capillaries that enter branches of a venule (V). The asterisk identifies the "stirrup" stem. The sphincter-like groove (circled) at the origin of the "stirrup" stem is the third downstream in the series of three sidebranch constrictions that are here interposed between pial distribution and cortical capillaries. Note the rougher appearance of the luminal surface of the arteriolar and pre-capillary vessels. Bar = 100 ~m. Lower: In this explanatory drawing and in all those that follow, the same color code is used: black for the arterial and pre-capillary sections of the circulation, white for the venous and post-capillary sections, and stippled for the capillaries. studied. In Brain A, some research was possible on cut surfaces, but the findings were only of partial interest given the obvious disruption and multiple interruptions produced by the cut itself.
In order to avoid repetition in the course of describing a series of representative sites (see below), we have listed those features c o m m o n to all arteriovenous microcirculatory pathways that we observed. They were as follows: 1) there were only four to six generations of vessel branching from the leptomeningeal vessel source to the capillary level; 2) at least two side-branching "vessel orifices" with sphincter-like constrictions 29 were interposed between the distributing vessel on the surface and the intraparenchymal capillary field; 3) there were no capillary branches (similar to other tissues) along the arteriolar course; 4) pre-capillary arterioles branched dichotomously with a rounded "stirrup" morphology: a sphincter-like constriction was always present at the stem (side-branch origin) of the "stirrup;" and 5) most capillaries originated from the pre-capillary arteriole with a last dichotomous branching, having a T (or a very open u morphology. Side-branch capillaries do not show anular impressions.
Examination of Representative Sites
The approximate location of sites described in the text and in the illustrations is indicated in Fig. 1 lower, in which the motor and somatosensory areas according to Hall and Lindholm 2~ are also depicted. A c o m m o n feature of all sites observed was the scarcity of mesh or net capillaries, defined as capillaries joined to each other by bridges that did not connect either to a venous or to an arterial vessel. Arteriovenous (or dichotomic) capillaries, however, were observed at all sites. As already mentioned, the patterns were represented by a symmetrical T branching of the pre-capillary arterioles at their distal segment into true capillaries (120 to 150 um long) which developed into a post-capillary venule. No sphincter impressions were observed at this level, as is also the case with the retina. 5 A representative site showing this simple arrangement is depicted in Fig. 2 . An arteriole originates (as a side-branch) from a leptomeningeal distributor and curves into the parenchyma. At a distance o f about 300 um it gives off (again at a right angle) a pre-capiUary vessel with a short stem that bifurcates in "stirrup" fashion. After a short distance, the "stirrup" gives off three capillaries on both sides which, at a distance of approximately 120 urn, open into venules. Anular impressions are present at the origin o f the arteriole branching from the surface vessel and the pre-capillary "stirrup" (Fig. 2B) , and the pre-capillary vessel blends smoothly into the dichotomic capillaries at both of its extremities with a 1-morphology. O n each branch of the "stirrup" a capillary originates that could be defined as a side-branch capillary. Nowhere at this level could anular impressions be noted at the "orifices." The somewhat crumpled, rough surface o f the arteriolar segment typifies the pre-capillary portion. It m a y be inferred that it reflects dynamic events in the vessel wall that do not take place in the remaining sections o f the visible circulation.
FIG. 4. The "stirrup" branches that originate from a pre-capillary arteriole appear to unite into a circle. The arrow on the "stirrup" stem suggests the direction of blood flow. Numerous capillaries are given off and are seen entering the veins (V). The asterisk indicates an arterial inflow (of capillary caliber) from an adjacent area (see Fig. 6 ). Bar = 100 t*m.
Terminal vascular bed of rat cortex A very similar microcirculatory arrangement is shown in Fig. 3 . All elements that were present at the site shown in Fig. 2 can also be found here. Two sphincters are identified between the surface circulation and capillary field (not visible). In both sites the veins that receive the capillaries represent a sort of mirrorbifurcation to the "stirrup" arterial division. Entrances into venules are either tapered or dilated into a funnel shape (as noted by Hasegawa, et aL, 22 and others). Two similarly arranged microcirculatory units are shown in Figs. 4 and 5 , where a variation is observed: the arms of the "stirrup" bifurcation unite to form an anastomotic circle. At the site shown in Fig. 5 , the pre-capillary system is connected by two long side-branches of capillary dimensions to the same vein that drains some of the capillaries originating from the "stirrup" system. Whether one or both behave as a "thoroughfare channel" or are just longer examples of arteriovenous capillaries common to both sites (in the middle of Figs. 4 and 5), can ultimately be resolved only by in vivo observation. At the site shown in Fig. 6 , the simplicity of the dichotomic capillary unit seen in all previous examples is preserved only partially in one side-branch (Fig. 6D) , while a series of secondary T bifurcations branch from the larger "stirrup" of the pre-capillary arteriole (Fig. 6B ). Both limbs of the "stirrup" present direct connections via arteriovenous side-branch capillaries into venules (Fig. 6C) . The right limb (Fig. 6B) connects directly with the vein in the upper right corner of the picture, giving off during its course four T formations, thus fulfilling more closely the definition of a thoroughfare channel. 8 A similar degree of complication is seen in Fig. 7 where, along with "l'-formation dichotomous capillaries, a few bridging capillaries are present, interposed between capillaries or between a capillary and a pre-or post-capillary vessel. A short arteriovenous connection, formed by a side-branch capillary, is visible.
The site depicted in Fig. 8 incorporates all the component parts seen in the previous sites and displays the feature closest in character to an arteriovenous anastomosis that we noted in the course of our intraparenchymal observations. The short "stirrup" in Fig. 8E originates in the pre-capillary arteriole and, without losing their rough surface, both limbs directly enter postcapillary vessels. The microcirculatory pattern in Fig.  8C and D demonstrates arterial inflow from at least three arteriolar sources that converge on the capillary ring in the middle (Fig. 8A and B) , producing at least one intraparenchymal artery-to-artery anastomosis (of small caliber).
The areas shown in Figs. 9 and 10 are the patterns we found in our material that most closely approached the definition of mesh or network capillaries. 2'a3 In Fig.  9 , a number of rings are formed by capillaries having several arteriolar sources. Multiple arteriolar sources and capillary rings are also visible in Fig. 10 .
Each of the 33 sites investigated in detail by following all visible connections was reducible either to one or to an intermediate form of the patterns we have described above.
Capillary D i a m e t e r s
We have taken into account parallax error and possible flatness of the measured casts. Capillary length, measured (in 100 samples) from one division to the next, ranged between 18.4 and 276.8 um (average 111.9 _+ 54.97 um (standard deviation)). Capillary diameter ranged between 5.2 and 8.8 tam in all samples (average 7.34 + 0.77 tam). A narrower range has been described in other reports. 42 How our measurements, obtained in vascular replicas distended by viscous material, 36 relate to those sizes observed in other studies in which basi-FIG. 5. The arms of the pre-capillary "stirrup" bifurcation unite to form a circle. The arrow on the "stirrup" stem indicates the direction of blood flow. Some capillaries are given off and enter into veins (V). Two vessels (striped on the drawing) of capillary dimension but longer than other capillaries also enter the vein. Bar = 100 um. cally different techniques were used (such as regarding empty lumina, fixation shrinkage) is not known.15 Analysis of measurements on our casts will be the object of a separate report.
Discussion
Corrosion-Casting Technique
Despite the age-old use of corrosion-casting techniques, 25,53 the accuracy of any given cast cannot be assumed in terms of the whole arteriovenous pathway being fully perfused and thus being of adequate quality for useful SEM observation. Studies are currently being published that show definite shortcomings in the quality of the casts (relating to replication accuracy and completeness) if not in the quantity of the mathematical analysis based on them. 19'52 Even when reportedly good casts are obtained in the brain, the three-dimensional geometry is not described? 9,58
The various methods of corrosion casting are open to several criticisms: extravasations may be mistaken for vascular replicas; 3~ incompleteness of perfusion (which cannot always be excluded) may flaw the cast; residual debris due to incomplete corrosion may give the impression of contacts where none are present and hide some surface furrows, such as anular impressions; the casts do not reflect the physiological state of the vascular tree under scrutiny. 31 We think the latter comment is the most serious objection. The injection with a pressure gradient that cannot simulate any of the conditions prevalent in vivo, the simultaneous filling and distention of all segments of the vascular system, the considerable viscosity, and the retraction (although minimal 4~ of the plastics, are all factors that contribute to render unsafe absolute measurements based on casts. 36 However, regarding the other objections, we are reasonably satisfied that we have excluded from our reported cases any specimens that were incompletely perfused or incompletely corroded, or that showed signs of extravasations. A routine of trial and error has evolved and improved the method we have described here, and we are now producing specimens with a high incidence of complete filling of the entire cerebrovascular tree. On the contrary, the underlying factors leading to incomplete corrosion of some specimens, which effectively prevented meaningful SEM observation, are obscure, since some specimens treated in an identical manner show widely different results.
Microvascular Patterns
The words Saunders, et al., 5Z wrote in 1957 about the peripheral circulation are still valid today, at least in regard to brain microcirculation:
It is difficult to know what mental picture the term "vascular tree" conjures up in the mind of the average anatomist, physiologist, or clinician, but it is probably safe to assume that it can be little more than the oversimplified and rather diagrammatic schema on which we have all been raised --a picture of a vascular tree branching diminuendo until it terminates in a series of capillaries leading to venules and veins, or a system of arteries, arterioles or endarterioles, capillaries and veins connected in series as in an electrical circuit. A modern textbook of anatomy states that the two stem arteries (i.e., aorta and pulmonary trunk) simply break up into branches which again divide; by repeated branchings the FIG. 8. Two arterioles (white asterisks, A and B), at some distance from their parent artery (a parietal branch of the middle cerebral artery) anastomose with each other (black asterisks, B) and give off numerous capillaries that enter branches of the same vein. Numerous T forms are recognizable (see C, D, and E); some are identified in the drawing (B) as the black precapillary vessels that branch dichotomously into capillaries. A single short "stirrup" with a markedly "arteriolar" rough surface (arrow, B and E) enters the venous "efferent" capillary after an unusually short distance. Close observation of the sequence of the scanning electron micrographs in this figure (as well as in Fig. 6 ) reveals the highly dynamic process of this method in the exploration of microcorrosion casts that entails continuous changes in magnification and specimen orientation. If our specimen were a geometrical block of tissue, viewing one surface (the area in C, D, and E) from different directions would allow the other faces to become visible as shown. Bars = 100 #m.
arteries become smaller as they approach the tissue areas they supply, while the smallest branches or arterioles ultimately end in plexuses of vessels of small caliber, namely the capillaries. M a n y investigators have described the microcirculatory architecture o f the brain in diverse species in the last 100 years. However, their conclusions exhibit the constraints imposed on researchers by the essentially twodimensional methods available. Duret 13 found that the outer 0.1 m m o f the h u m a n cerebral cortex contained large quadrangular meshes parallel to the surface, the next 2 m m was filled with rather fine polygonal capillary meshes, while the inner 1 m m had a transitional network with larger meshes. 9'12 Pfeifer 44 claimed that a red cell could travel from the occipital to the frontal pole if it had a means o f locomotion, since the capillary bed is known to be a perfect network o f intercommunicating vessels continuous throughout the gray matter o f the cortex. Although Pfeifer elucidated m a n y angioarchitectonic aspects, his work suffered because he mistook arteries for veins. 6 The contemporary understanding may be summarized in the words o f van den Bergh, 54 who said (translated): "The capillary net forms through the fusion o f side-branches, which arise from pre-capillary vessels and which have a more or less parallel course. It is an assembly of both rectangular and oval meshes, that are also often bent into a O-form .... The capillary network is homogeneous and only slightly thick." Klosovskii 28 stated that: "Except in some primitive mammals, the radial arteries are not paired with a corresponding vein but end in a capillary plexus which is continuous throughout the hemisphere, being much denser in gray matter than in white. " Wolff, et al., 57 added that: "[In the course of development] new capillaries may interconnect a-v [arteriovenous] capillaries so heavily that the original capillaries become difficult to distinguish."
The topographical arrangement of the intracortical cerebral capillaries has physiological relevance in that theoretical models have pointed out that the degree of asymmetry of a capillary network decides the oxygen gradients across the tissue, ~8 and microrheological factors are considered to play a higher role in the brain, which is thought to possess a very tortuous capillary bed. 45 It is then surprising that attempts at reconstructing the three-dimensional architecture of the cerebral microcirculation have not been more numerous in regard to the intraparenchymal cerebral microvasculature. The single recent attempt (by Wiederhold, et aL, 56 in cats) proposes an "asymmetrical net arrangement" and the single in vivo study (by Pawlik, et al.,42 also in the cats) describes a "dense asymmetric anastomotic network." The only two SEM studies of microcorrosion casts to address cerebral capillaries (both in the rat) report "a network of capillary plexuses "39 and "a well ordered arrangement of the vascular networks. 58 Duvernoy, et al., 15 in a comprehensive study of human cortical vasculature partly based on SEM of corrosion casts, describe a nonhomogeneous appearance of the cortical vascular networks and recognize variations in vascular density and preferential orientation of capillary meshes according to cortical layer.
Physiological investigations into the regulatory mechanisms of CBF have been much more numerous, and currently four types of regulation are identified, as listed by Mchedlishvili: 33 1) the maintenance of constant CBF despite a change in the level of systemic arterial pressure; 2) the elimination of the excessive blood volume within the cerebral vasculature; 3) the maintenance of constant pO2 and pCO2 in the brain despite changes in the content of blood gases; and 4) the maintenance of adequate blood supply to cerebral tissue according to its metabolic demands. Adequate blood supply to cerebral tissue is considered the more specific type of CBF regulation carried out in the microcirculatory bed. While the evidence garnered from other tissues 7 indicates that the pre-capillary microvessels should be considered as the effectors of control in the capillary circulation, there is no direct proof for this in the brain nor is there detailed morphological description of this region of the brain vascularization. A prerequisite of any search for the specific vascular effectors of regulation must first be based on a knowledge of the anatomical microcirculatory pattern and the sites of the possi-ble biomechanical effectors in the control loop that is purported to exist.
Our findings are partly contrary to and partly consistent with current knowledge. In summary, we found that: 1) short ( 120-to 150-ttm) arteriovenous capillaries predominate in the superficial cortical layer of the brain of the rat; 2) the pre-capillary distribution has the most constant morphological pattern; 3) regulating microvascular devices could be identified only in sphincters at offshoots of pre-capillary vessels and in their "muscular" surface; side-branch capillaries do not show anular impressions that would indicate a similar action as the sphincter-capillaries of Zweifach; 59 4) no arteriovenous anastomoses were present (of the shunt variety proposed by several authorsl'3'27'46"49'5~ 5) the arteriovenous connections that were present could in some instances correspond to the thoroughfare channels described by Hasegawa, et al.,22 in dog and man; 6) arteryto-artery connections exist inside the parenchyma but are of small size; and 7) microcerebrovascular geometry (at least in the superficial layers) is not as complex as described by the proponents of the "network" models and on occasion (for instance at the site depicted in Fig. 2 ) closely resembles the "classical pattern" of terminal vascularization. 2 ' We are aware that the choice of microcirculatory patterns, admittedly selected for ready visualization, might have been excessively biased toward "easily" recognizable patterns, while a much more diffuse and more complicated mesh-network could have escaped notice. Only further work can resolve this. It is well known that the richness of capillary supply is directly related to functional activity, and that the different microcirculatory patterns we have described may underlie definite differences in local neural function. In the limited sample (both quantitatively and topographically) collected, we have been unable to find any correlation of microcirculatory pattern with regional specificity such as may underlie the primary motor and somatosensory areas (Fig. 1) . A correct understanding of angioarchitectonics may be of great aid in integrating the information emerging in different areas of investigation: an ability to refer to precise locations the diverse metabolic profiles that are known to exist in the cerebral microvascular tree ~~ may lead to an understanding of the pathophysiology of infarction. Precise localization of the regulating structures in a microcirculatory bed is also fundamentally important 33 in understanding the flow-pressure regulating devices for the downstream vascular bed, even more so in the light of the newly discovered neural projections to the pial and parenchymal vessels. 16'24'43 As already noted by Rosenblum, 47' 48 the aim must be to correlate the many complexities of pial vessel physiology with the information that remains hidden as to the intraparenchymal distribution; only then can we approach elucidation of the mechanism that maintains adequate blood supply to cerebral tissue according to its metabolic demands and of the derangement that it suffers in disease.
